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specification 



Tide of the Invention 

Memory device. 
Scope of die Patent Claims 

A memory device characterized as a multi-address type memory device that inputs both row 
address strobe clock and column address strobe clock, and having a first flip-flop circuit into which 
the two aforementioned clocks are input, a second flip-flop circuit having as input the logical 
product of die logic circuit output of die write-in enable clock and of the output enable clock, as 
well as the output of the aforementioned first flip-flop circuit; moreover, a data copy cycle 
acknowledgement signal is output as a copy mode, and a selector circuit that compares the 
aforementioned data copy cycle acknowledgement signal and the row address column address 
deciding signal to a signal fiom the address decoder, and when the level of another clock is 
specifically combined to the trailing edges of both aforementioned clocks, the addresses latched by 
the aforementioned row address strobe colunm clock and the aforementioned column address 
strobe clock become, respectively, a first row address and a second row address, and the multiple 
memory cell data designated by the aforementioned first row address is copied in word line units 
into the multiple memory cells designated by the aforementioned second row address. 

(Industrial Sector Where Used) 

The present invention concerns a memory device, and in particular a memory device inside 
of which data is copied. 

(Prior Art) 

Conventional memory devices with a memory cell array only have a function whereby data 
provided fiom outside is recorded, and recorded data is read-out to the outside. For data recording 
and readout, such memory devices use a midti-address format to input row address strobe clock and 
column address strobe clock In terms of copying data with these memory devices, though, data for 
one-time copying is output to an external circuit connected to the memory device, and the data is 
copied using fimctions to read-out and write-in the aforementioned data. 
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(Problems the Invention Endeavors to Resolve) 

With the conventional type of memory device discussed above, data travels by way of die 
memory device's external circuit when data is copied. Thus, in a memory device having a large 
capacity memory to cope with a data volume capable of handling one-time recordings and one-time 
readouts, or for cases when all data is rewritten so as to initialize recorded data, copying data 
requires a large number of repeated operations, the drawback being that the overall copy time 
becomes lengthy. 

The aim of the present invention is to provide a memory device that reduces copying time. 
(Means to Resolve Problems) 

The structure of the memory device of the present invention comprises a multi-address 
format memory device diat inputs row address strobe clock and column address strobe clock and 
that has a first flip-flop circuit into which are input the two aforementioned clocks, a second flip- 
flop circuit having as input the logical product of die logical circuit output of the write-in enable 
clock and of the output enable clock, as well as the output of the aforementioned first flip-flop 
circuit and, as a copy mode, a second flip-flop circuit that outputs a data copy cycle acknowledgment 
signal, and a selector signal diat compares the aforementioned data copy acknowledgement signal 
and die row address column address deciding signal to a signal firom die address decoder, and when 
another clock level is specifically combined at the trailing edges of die two aforementioned clocks, 
addresses latched by die aforementioned row address strobe clock and the aforementioned column 
address strobe clock are deemed as, respectively, a first row address and a second row address, and 
the multiple memory cell data designated by the aforementioned first row address can then be 
copied as word line units into the multiple memory cells designated by die aforementioned second 
row address. 

(Embodiments) 

Next, the present invention will be explained while referring to figures. 

Figure 1 is a level-deciding logic circuit diagram for a specific clock to explain one 
embodiment of the present invention. 
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As shown in Figure 1, this sort of level-deciding logic circiiit is a logic circuit to output a data 
copy cycle acknowledgement signal to express the copy mode of a specific clock, and has a first flip- 
flop (1) to latch the level of the colunm address strobe clock (hereafter referred to CAS clock) to 
die trailing edge of the row address strobe clock (hereafter referred to as RAS clock), a logic NOR 
gate (2) to output the negation signal of die logical sum of die output enable clock (hereafter 
referred to as OE clock) and die write-in enable clock (hereafter referred to as WE clock), a logic 
AND gate (3) diat derives die logical product of die output of die first flip-flop (1) and of die 
output of die NOR gate (2), a second flip-flop (4) diat latches die output of AND gate (3) to die 
trailing edge of die CAS clock, and a logic OR gate (5) to output die logical sum of die RAS clock 

and die CAS clock, whereby a data copy cycle acknowledgement signal is output to die copy mode 
output terminal (6). 

Following is an explanation of how this level-deciding logic circuit operates. 

This circuit is such diat CAS clock is high-level at die trailing edge of RAS clock. Moreover, 
when OE clock and WE clock are bodi low-level at succeeding CAS clock trailing edges, die data 
copy cycle acknowledgement signal diat serves as a copy mode signal becomes high-level. Furdier, 

when RAS clock and CAS clock are high-level, die data copy cycle acknowledgement signal diat 
serves as the copy mode signal becomes low-leveL 

Figure 2 is an address processing circuit diagram of a memory cell array component diat uses 
the output of the level-deciding logic circuit depicted in Figure 1. 

As shown in Figure 2, diis address processing circuit is a circuit whereby an address latched 
by CAS clock to the memory cell array is processed as a column address or a second row address. 

In Figure 2, storage cells comprising transfer gates (14) and condensers (15) are connected to 
die different points at which word lines (12) and bit lines (13) intersect. Also, word line selection 
gates (16) are connected to die various word lines (12), while bit line selection gates (19) (diough 
only one is shown here) are connected to the various bit lines. Furthermore, address decoder (9) is 
an address decoder that joindy uses a row address and a colunm address, and die selector circuit (11) 
comprising NOR gate (10) is a selector whereby die address decoder output of address decoder (9) 
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is switched to the selection gates (16) of the word lines (12) or to the selection gates (19) of the bit 
lines (13). Also, the sense amp (17) is one whereby multiple bit lines (13) are connected, the charge 

information (voltage) on die bit lines (13) is amplified, and RAS clock is suppUed by a delay circuit 
(18). 

The logic of die Row/Column signal input to the row address/column address 
determination signal terminal (7) with die signal input to the copy mode output terminal (6) is 
determined by die NOR gate (8). This Row/Column signal is a signal diat indicates whedier address 
input to die address decoder (9) is latched to die trailing edge of die RAS clock (Row) or to die 
trailing edge of the CAS clock (Column). 

In short, a logic NOR gate (8) diat controls die Row/Column signal by means of a copy 
mode signal shown in Figure 1 is provided in the present embodiment, whereby die NOR (10) 
selector circuit (1 1) selects the address decoder signal from the address decoder (9). The circuit 
operations of the memory device discussed above will now be explained referring to Figure 3. 

Figure 3 is a waveform diagram of die main signals at data copy time in die circuits shown in 
Figure 1 and in Figure 2. 

As shown in Figure 3, a first row address is latched at the trailing edge (time t^) of die 
RAS clock, and die word line (WLl) diat corresponds to diis first row address (20) becomes high- 
level at die proper time. Thereafter, when die charge information of the transfer gate (14) 
comprising die memory ceU reaches die bit lines (13), die sense enable signal (SEN) becomes low- 
level and die charge information on die bit line (voltage) is amplified. Moreover, if CAS clock at 
time t, is high-level and bodi die OE clock and die WE clock are low-level at die trailing edge (time 
t2) of die CAS clock, die second row address (21) of time is latched. Inside die memory device, 
dien, die copy mode signal becomes high-level, and acknowledgement as to whedier it is a specific 
copy data cycle can occur. However, once die sense amp (17) shown in Figure 2 starts amplification 
operations, amplified data is lost until RAS clock reaches high-level Thus, when die word line 
(WL2) corresponding to the second row address (21) reaches high-level at die proper time after time 
t2, die accumulated charge information is lost and rewritten into die charge information amplified by 
die sense amp (17), namely the charge information accumulated in the memory ceUs of the first row 



5 



FH 008414 



address (20). Thereafter, at a proper time (time tj) following the trailing edge of the RAS clock, the 
word line (WLl) corresponding to the first row address (20) and word line (WL2) corresponding to 
die second row address both become low-level. Moreover, this newly set copy cycle ends after the 
sense enable signals (SEN) become high-level. 

The present embodiment involves a specific clock timing not used in conventional memory 
devices whereby both OE clock and WE clock are low-level at the trailing edges of CAS clock. This 
tmiing is used to regulate copy cycles. Thus, there are no operational failures in the new cycle. 

(Outcomes of the Invention) 

As explained above, the memory device of the present invention uses two flip-flop circuits 
and a selector circuit, as well as row address strobe clock and column address strobe clock, and 
when another clock level is specifically combined with die trailing edges of die two aforementioned 
clocks, the second row address is latched to die trailing edge of the column address strobe clock 
and, by internally copying data as word line units corresponding to the low address, a large volume 
of data can be copied at once, the outcome thus being reduced copying rime. 

Brief Description of the Figures 

Figure 1 is a level-deciding logic circuit diagram for a specific clock. Figure 2 is an address 
processing circuit diagram of die memory cell array part using die output of the level deciding logic 
circuit shown in Figure 1. Figure 3 is a waveform diagram of the main signals during data copying in 
the circuits shown in Figure 1 and Figure 2. 

(1) . . . first flip-flop; (2) . . . NOR; (3) . . . AND; (4) . . . second flip-flop; (5) . . . OR; 
(6) . . . copy mode output terminal; (7) . . . row address/column address deciding signal terminal; 
(8) ... NOR; (9) ... address decoder, (10) ... NOR; (11) ... selector circuit; (12) ... word line; 
(13) . . . bit line; (14) . . . transfer gate; (15) . . . condenser; (16) word line selection gate; 
(17)... sense amp; (18)... delay circuit; (19)... bit line selection gate; (20) . . . first row address; 
(21) . . . second row address. 

Agent Susumu Uchihara, Patent Attorney. 
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[0005] 



Data are deleted when high electric potential is applied to a p-type substrate (n-type 
substrate and a p-type well in the case of well structure) and the control gates of all the 
memory transistors as well as the gates of selection gate transistors are made to be OV. 
As a result, electrons in the floating gates are discharged to the substrate in all the 
memory transistors and the threshold value moves in the negative direction. 

[0006] 

Data are read when non-selection memory transistors which are closer to the bit hne 
than selection gate transistors and the selection memory transistors are made to be 
"on" and OV is applied to the gates of the selection memory transistors. In this case, 
discrimination of "0" or "1" is accomplished by reading the electric current running 
flowing through the bit line. 

[0007] 

As explained above, in an NAND cell-type EEPROM, intermediate electric potential 
must be applied to a bit line for which writing is not executed during the data writing 
mode. For this reason, the structure of a peripheral circuit of memory cell array 
becomes complicated. Moreover, the timing of applying intermediate electric potential 
becomes difiGcult to control. In fact, unless the intermediate electric potential to be 
applied to the bit line is not raised before the control voltage to be applied to the control 
gate hne, a writing error may occur. Moreover, in order to apply intermediate electric 
potential properly, it becomes necessary to prevent punch-through of the selection gate 
transistors. Hence, the gate length of the selection gate transistors cannot be made 
too short. This becomes an obstacle for achieving EEPROM with very high density. 

[0008] 

Above problems are not Umited to NAND cell-type EEPROM, but occur also in 
NOR- type EEPROM in which memory cells are made of one memory transistor and one 
selection gate transistor based on a similar principle. 

[00091 
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[Problems Overcome by the Invention] 

As explained above, in the EEPROM of the prior art, it was necessary to apply 
intermediate electric potential to the bit line during data writing, which resulted in 
complicated peripheral circuits and difficult timing control. Hence, the gate length of 
selection gate transistors could not be made shorter, which was a serious problem. The 
present invention aims to provide an EEPROM in which the above problems are 
resolved. 

[Construction of the Invention] 
[0010] 

[Problem Resolution Means] 

In the present invention, EEPROM is structured with a memory cell array wherein at 
least one memory transistor with an electric charge storage layer and a control gate 
and a memory cell made of a selection gate transistor which is connected in series with 
the memory transistor are arranged in a matrix, with the drains of the selection gate 
transistors lined up in the row-direction of the memory array being jointly connected to 
the bit line, and with the gate of the memory transistors which are lined up in the 
column-direction of the memory cell array and the gate of the selection gate line being 
jointly connected to the control gate line and the selection gate line respectively, and a 
bit hne electric potential control means is provided for setting the bit line to the low 
electric potential state or a floating state depending upon the data during the data 
writing time. 

[0011] 

[Operation] 

In the EEPROM of the present invention, the bit line (the bit write for "1" data writing) 
connected to the memory transistors which execute electric potential injection during 
data writing is made to be OV, while the bit line (the bit line for "0" data writing) 
connected to the memory transistor which does not execute electron injection is made 
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( 



to be the floating state. Such electric potential control of the bit line may be enabled 
by providing, for example, a bit line selection gate transistor between the edge section 
of the bit line and the bit line driving circuit to be connected to the bit hne. In this 
case, both the drain and source dispersion layers are also in the floating state in the 
memory transistors along the bit line which is in the floating state, and the electric 
potential of the drain and the source layers also rise because the high electric potential 
of the control gate hne is capacity coupled. Hence, electron injection to the floating 
gate is prevented. 

[0012] 



Hence, in the EEPROM of the present invention, instead of applying intermediate 
electric potential to the bit line to be connected to memory transistors for which tunnel 
injection is desired not to occur, the bit line is made to be floating. As a result, the 
peripheral circuit becomes simple and it becomes unnecessary to make the gate length 
of the selection gate transistors longer to prevent punch- through. 

[0013] 



[Embodiment] 



An embodiment of a NAND ceU'type EEPROM having n-channel FETMOS as memory 
transistors is described hereafter, with reference to the drawings. 



[0014] 



Fig. 1 is an equivalent circuit of describing major structure of NAND cell-type 
EEPROM in an embodiment of the present invention, Fig. 2 is a flat view of one NAND 
cell section, and Fig. 3 and Fig. 4 are respective cross sections of Fig. 2 relative to lines 
A-A and B'B\ 



[0015] 



Fig. 1 shows that the memory array 21 is composed of a matrix arrangement of NAND 
ceUs. In this embodiment, the NAND ceU comprises four memory transistors Ml. M2. 
MS and M4 which are connected in series, and selection gate transistors Qsl and Qs2 
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which are provided on both sides of the memory transistors. The drain sides of the 
NAND cells which are lined up in the row-direction of the memory cell array 1 are 
jointly connected to the bit line BL through the selection gate transistor Qsl. The 
control gate Unes CGl, CG2, CG3 and CG4. and the selection gate lines SGI and SG2 
are provided in such a manner that the control gate of each memory transistor and the 
gate of the selection gate transistor are jointly connected to each NAND cell which is 
lined up in the column-direction of the memory cell array 1. 

[00161 

The bit line BL (BLl, BL2, BLm) are respectively connected to the bit Hne driving 
circuit 22 (221, 222, ...22m) at one edge section of the memory cell array 1. In the 
present invention, bit line selection transistors QBL (QBLl, QBL2, QBLm) are 
provided between the bit line driving circuit 22 and the bit Hne BL. 

[0017] 

The structure of an NAND cell is explained hereafter, with reference to Fig. 2 - Fig. 4. 
On n-type silicon substrate 1, p-type well 2 is formed, and four memory transistors Ml 
M4 and two selection gate transistors Qsl and Qs2 are provided in a region divided 
by an element isolation insulating film 13. In each memory transistor floating gates 4 
(41 - 44) with first layer polycrystal silicon are formed through thin gate insulation 
film 31 which is formed on the substrate by heat oxidation, and control gates 6 (61 - 
64) with a second layer polycrystal silicon are laminated in-between insulating film 5 
on top of the floating gate 4. The floating gate 4 is the electric charge storage layer. 

[[0018] 

The control gates 6 of each memory transistor are provided as continuous control gate 
hne CG (CGl - CG4) for NAND cell which are arranged in horizontal direction. In 
general, these control gate lines CG are the word lines. 

[0019] 

The n-type layer 8. which are the source and drain dispersion layers of the memory 
transistor, are shared by adjacent ones and four transistor memories Ml - M4 are 
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connected in series. For drain side and source side of these four memory transistors, 
respective selection gate transistors Qsl and Qs2 are provided. The gate insulation 
film 32 of these selection gate transistors Qsl and Qs2 are formed to be thick, 
independent of the memory transistor M, and two layers of gate electrodes 45,65 and 
46, 66 are formed on top of the gate insulation film 32. These gate electrodes 45, 65 
and 46, 66 are formed by simultaneously patterning the first layer polycrystal sihcon 
and the second layer polycrystal silicon which comprise the floating gate and the 
control gate of the memory transistor. These two-layer gate electrodes are 
continuously arranged in the direction of the control gate CG while contacting each 
other at predetermined intervals, and become the selection gate lines SGl and SG2. 

[0020] 

The top of the device-formed substrate is covered with CVD insulation film 11 and the 
bit line 12 is provided by means of AI film and the like on top of the CVD film. The bit 
line 12 makes contact with the drain dispersion layer 9 of the selection gate transistor 
Qsl. In order to strengthen contact, n-type impurity is repeatedly doped onto the 
drain dispersion layer 9 through the contact hole. The source dispersion layer 10 of the 
other selection gate transistor Qs2 is normally jointly provided in a plurality of NAND 
cells as common source lines. 

[0021] 

The coupling capacity between the floating gate 4 and the control gate in each memory 
transistor is set to be larger than that between the floating gate 4 and the p-type well 2 
by extending the arrangement of the floating gate 4 in the element-isolated region. As 
for the actual dimensions; the width of the floating gate 4 and the control gate 6 is l^is 
respectively, hence the channel length of the memory transistor is l^s and one side of 
each floating gates 4 is extended by Ijis on the element-isolated region film 13. The 
gate insulation film 31 under the floating gate 4, for example, is heat oxidation film of 
lOnm and the in-between layer insulation film 5 is heat oxidation of 25nm. 

[0022] The operation of the NAND cell-type EEPROM in the embodiment is described 
hereafter with reference to Fig. 5 with focus on the NAND cell composed of the memory 
transistors Ml - M4. Fig. 5 is a timing drawing illustrating a series of operations- 
data deletion, data writing and data reading. Data deletion and data writing are 
executed through electric charge exchange using F-N tunneling between the floating 
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gate and the p"type well in the memory transistor. 
[0023] 

Initially, the data deletion is executed by making all the control gate lines CGl - CG4 
OV, and by applying high electric potential of Vwell = Vsub = 18V to the p-type weU 2 
and p-type silicon substrate 1. At this time, high electric potential of 18V is also 
simultaneously applied to the selection gate lines SGI and SG2. As a result, electrons 
of the floating gates are discharged to the p-type cell in all the memory transistors that 
comprise the memory cell, and deletion state ("0**) in which the threshold value is 
moved in negative direction is achieved. 

[0024] 

Data writing is executed starting with the bit line which is farthest away from the 
memory transistor. First, for the writing at the memory transistor M4, high electric 
potential of 20V is applied to the selection gate line CG4, intermediate electric 
potential of lOV are appUed to all other control gate lines CGl CG3 and the selection 
gate hne SGI, and the bit line is set to be OV (in the case of "1") or floating (in the case 
of "0"). At this time the bit line electric potential is executed by on-off control of the 
bit line selection transistor QBL. Fig. 5 describes the condition in which the electric 
potential VSGll of the selection gate line SGll in the bit line selection transistor 
QBLl is set to be 5V and OV, which is an output electric potential corresponding to the 
data "1" of the bit line driving circuit 221, is transmitted to the bit line BLl, and the 
condition in which the electric potential VSG12 of the selection gate line SG12 in the 
adjacent bit line selection transistor QBL2 is set to be OV and the bit line BL2, being 
isolated from the bit line driving circuit 221, becomes floating state. 
[0025] 

As a result, in the memory transistor M4, where OV is applied to the bit line, electrons 
are tunnel injected from the drain to the floating gate and the condition ("1") in which 
threshold value moves to the positive direction is obtained. When the bit line is in the 
floating state, the electric potential of the drain and source dispersion layers rises due 
to capacity coupling with the control gate, hence, tunnel injection does not occur and 
the threshold value does not change. Subsequently, high electric potential is provided 
to the control gates CG3, CG2 and CGl and data writing is executed in a similar 
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manner. 



[0026] 

Data reading is executed by applying OV to selected control gate line, which in turn 
provides an electric potential of about 5V in the control gate line on the bit Une aide 
and an electric potential of about 1 - 5 V to the bit line, and by detecting whether or 
not the electric current is flowing through the bit line. 

[0027] 

As explained above, in the present embodiment, instead of providing intermediate 
electric potential to the bit line in which writing is not desired during data writing, the 
bit line is set to be floating. As a result, an electric potential of 5V, electric potential 
during data reading, or higher is not applied to the bit line. Hence, it becomes 
unnecessary to use intermediate electric potential and the peripheral circuit becomes 
simpler. Moreover, it is not needed to set punch-through prevention pressure 
unnecessarily high in the selection gate transistor on the bit line side, allowing the 
length of the gate to be the same as the length of the selection gate transistor on the 
source side. As a result, an EEPROM with very high density is achieved. 

[0028] 

The appUcation of the present invention is not limited to aforementioned embodiment. 
In fact, in the present embodiment the bit Hne selection gate transistor is provided in 
the vicinity of the memory ceU airay, but the bit line selection gate transistors may be 
arranged for each block if the memory cell is divided into blocks. Moreover, instead of 
providing bit line selection gate transistors as means to control the bit hne electric 
potential including making the bit hne floating 

state, the bit hne driving circuit itself may be provided with an abihty to change the 
output terminal into floating state. 

[0029] 

Furthermore, in the present embodiment, only NAND cell-type EEPROM is described. 
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but the present invention may simUarly be applied to a NOR type EEPROM in which 
the memory cell consists of one memory transistor and one selection gate transistor. 

[00301 
[Efficacy] 

As explained above, the present invention simplifies peripheral circuits by providing 
bit line electric potential control means that changes the bit line on which data are 
desired not to be written during data writing into floating state, which leads to 
achievement of EEPROM with very high density. 
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[Brief Description of Drawing] 



[Fig. 1] An equivalent circuit drawing of NAND ceU-type EEPROM of an embodiment 
of the present invention. 

[Fig. 2] A flat view illustrating a structure of NAND cell in the embodiment. 
[Fig. 3] A cross-section of Fig. 2 relative to A-A\ 
[Fig. 4] A cross-section of Fig. 2 relative to B-B' 

[Fig. 5] A timing chart illustrating operation of EEPROM in the embodiment. 

[Explanation of Symbols] 

1. n-type silicon substrate 

2 1 . Memory cell array 

2. p-type well 

22. Bit line driving circuit 

3. Gate insulation film 
BL. Bit line 

4. Floating gate 

CG. Control gate line 

5. In-between layer insulation film 
SG. Selection gate line 

6. Control gate 

QBL. Bit hne selection transistor 
8-10 n-type dispersion layer 

11. CVD insulation film 

12. BitUne 

13. Element-isolation insulation film 
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